Different investment strategies are adopted in short-term and long-term depending on the time scales, even though time scales are adhoc in nature. Empirical mode decomposition based Hurst exponent analysis and variance technique have been applied to identify the time scales for short-term and long-term investment from the decomposed intrinsic mode functions(IMF). Hurst exponent (H) is around 0.5 for the IMFs with time scales from few days to 3 months, and H ≥ 0.75 for the IMFs with the time scales ≥ 5 months. Short term time series [XST (t)] with time scales from few days to 3 months and H 0.5 and long term time series [XLT (t)] with time scales ≥ 5 and H ≥ 0.75, which represent the dynamics of the market, are constructed from the IMFs. The XST (t) and XLT (t) show that the market is random in short-term and correlated in long term. The study also show that the XLT (t) is correlated with fundamentals of the company. The analysis will be useful for investors to design the investment and trading strategy.
Stock market is a complex dynamical system where evolution of the dynamics depend on the participation of different types of investor or traders [1] [2] [3] . Investors in a stock market participate to make gain, and they implement different investment strategies depending on different investment time horizon (ITH) [4] [5] [6] . Traders can simultaneously trade in a particular stock frequently for short-term gain or infrequently for long-term investment. Participation of diversified investors in terms of ITH, reaction to information and purpose of investment are very much important to get stabilized markets [4] .
It has been observed from market participation of the traders that the ITH of a short-term trader ranges from single day to few months, whereas a long-term trader invests with an ITH from few months to several years [7] . Survey results on the investment techniques used by the several fund managers and foreign exchange dealers of various countries show that the technical analysis is used for short-term investment of ITH of day to few months, and the fundamental analysis is used for the long-term investment of ITH of more than few months to several years [8, 9] . These survey also show that the short-term and long-term market dynamics are mostly controlled by the psychological behaviour of the investors and the fundamentals of the markets respectively [8] . In these works the time scales for short-term and long-term ITH are defined on the investment experience and ad-hoc in nature, even though the separation of the short-term and longterm dynamics in terms of time scales is very important for the prediction of future price movement. However, no such study has been carried out so far to identify the time scales for short-term ITH and long-term ITH.
In this letter, we identify the existence of time scales that characterizes the dynamics of the market in shortterm and long-term investment horizon by analyzing twelve leading global stock indices and stock price of some companies. The two distinct time horizons have * 2 jaman nonlinear@yahoo.co.in been obtained based on the nature of correlations that has been quantified by estimating the Hurst exponent of the decomposed time series. Finally, two distinct time series of two different time horizons have been constructed from the stock indices and price. The time series with the time horizon with few days to 3 months is random in nature, and the other time series with time horizon greater than 5 months shows long range correlation. The second reconstructed time series, which is found to be correlated with the fundamentals of the companies, can be used to predict the future price movement.
The stock indices have been decomposed by using empirical mode decomposition (EMD) method, which preserves the nonstationarity and nonlinearity of a signal, in various monofrequency intrinsic mode function (IMF) of different time scales [10, 11] . The IMFs satisfy the following two conditions (i) the number of extrema and the number of zero crossing must be equal or differ by one; and (ii) mean values of the envelope defined by the local maxima and local minima for each point is zero. The IMF is calculated in the following way: (a) lower envelope U (t) and upper envelope V (t) are drawn by connecting minima and maxima of the data respectively using spline fitting. 
where IM F i represents the i th IMF.
Each IMF represents a signal with particular time scale. The IMF1 contains the lowest time scale present in the time series, and the IMF2 contains the second lowest time scale and so on. It can be concluded that the IMF1 fluctuates faster than the IMF2 and so on. Hence, EMD technique can be used to separate various important time scales present in a signal in the form of IMFs. The characteristic time scale (τ ) of each IMF can be estimated from the frequency (ω) by using Hilbert Transform (HT), which is define as
where P is the Cauchy principle value, and τ = 1/ω where ω = dθ(t) dt , and θ(t) = tan
IM F (t) [10] . Identification of important IMFs are very essential to separate the market dynamics in terms of short-term and longterm ITH, and it can be done by evaluating the Hurst exponent (H) of the IMFs.
The Hurst exponent is estimated using rescaled range analysis (R/S) technique [12] . For that we construct a time series X p defined as
represents the average value of X p . Now estimate the ratio of the rescaled range (R) over the standard deviation (S) of the Z i in various scales l. The ratio of each partial time series of length l can be expressed as (R/S) ∝ l H , where H is the Hurst exponent. For a random time series, H is around 0.5, and for correlated and anti-correlated time series, H is greater than 0.5, and less than 0.5 respectively.
We have analysed the stock market indices from December 1995 to July 2018 of (1) We have constructed a time series (X ST (t)), which is random in nature, by adding the IMF1 to IMF5, i.e. 
IM F i . The Fig. 3(b) shows the reconstructed time seires X ST (t) from original time series of RIL shown in Fig. 3(a) . The time series X ST (t) shows that the stock market is random in nature with the time scales ranging from few days to 3 months, and hence this range represents the time scales for the short-term ITH. From the analyses one can conclude that the ITH of few days to 3 months will be random in nature. As the technical analysis is usually applied to identify various trend pattern in this ITH, which is mainly depends on the investors' psychological behaviors [8] , there may be some mean reversing short term trends in this time scales though overall dynamics is random in nature. Hence technical forecast cannot be simulated [14] . Technical pattern that can be identified from the X ST (t) will be presented elsewhere. The values of H ≥ 0.75 for IMF6 to IMF9 indicate that there is long-range correlation in IMF6 to IMF9. The time scales of IMF6, IMF7, IMF8and IMF9 of all the stock data analysed here are in the range of 5-7 months, 0.8-1.9 yrs, 2-4.4 yrs, 4.5-12 yrs respectively. We can construct a time series (X LT (t)) by adding the IMF6 to IMF9 and residue, i.e., X LT (t) = [
The Fig. 3(c) shows the reconstructed time series X ST (t) from original time series of RIL shown in Fig. 3(a) . The reconstructed time series X LT (t) represents the dynamics of the stock market with the time scales ranging from 5 months to few years and hence this range represents the time scales for the long-term ITH. From these analysis one can conclude that the ITH more than few months has long-range correlation, and hence may be used to predict future price. One can reconstruct X ST (t) and X LT (t) for all the indies and stocks. The study of correlation coefficients between X LT (t) and fundamentals of the companies is given below. Table I shows that the correlation coefficient between X LT (t) and three fundamental variables: sale, net profit (NP) and cash from operating activity (COA) for 14 companies which are listed in NSE SENSEX and 6 companies which are listed in NASDAQ and NYSE from March 2007 to March 2018 in annual price level. We obtained posi- [15, 16] , and the N V of i th is defined as
, where, N is the total number of IMF. In Figs. 4(a) -(c) represents N V of all the IMFs of all the indices and companies, where plots have been arranged according to the order of higher N V of IMFs. Figs. 4(a)-(c) show that N V is very low for all the indices and companies up to IMF5, and it increases significantly from IMF6. Hence N V separates the time series into two time horizons: Short-term time horizon (IMF1 to IMF5) and Long-term time horizon (IMF6 to IMF9) which consistent with the H exponent analysis given above. Fig. 4  (a), Fig. 4 (b) and Fig. 4 (c) show that the N V is higher for IMF7, IMF8 and IMF9 respectively for the compa- nies mentioned in the figures. The higher value of N V some of IMFs in long term indicate that they may play important role in signal reconstruction [15] .
In summary, we have shown using EMD based Hurst exponent analysis and NV techniques that the market is random in short-term ITH and deterministic in longterm ITH. The time scales for short-term ITH are from few days to 3 months and for long-term ITH is more than 3 months to several years. Two time series X ST and X LT for short-term ITH and long-term ITH have been constructed that can be used to simulate market dynamics in two investment horizons. X ST is random in nature, whereas, X LT is positively correlated with the fundamentals of the company. These results may be very useful for making investment decision in both short-term ITH and long-term ITH.
